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The recent focus on the importance of native plants and their pollinators 
has highlighted the critical role of local species in their natural 
environment. As urban encroachment, climate change, and invasive 
species continues to threaten native habitats, it is increasingly important to 
promote the use of local green spaces as refugia for native plants and their 
pollinators. The aim of this project, therefore, was to identify and assess 
the visitation frequency of insect pollinators associated with an urban 
setting within the Piedmont region of Virginia, and compare their 
association with native versus closely-related but non-native summer-
flowering plants. Several modes of insect examination were used to assess 
these metrics in the Brian Wesley Moores Native Plant Garden on the 
campus of Randolph-Macon College. We observed an overall preference 
for the native species on a total of four native:non-native pair 
comparisons, including a higher number of total insect visitors and a more 
diverse assortment of pollinator types. Our data supports the notion that 
native plant species should be prioritized in urban green spaces, as it 
provides the appropriate flora to support ecosystem balance in a setting 
threatened by human activities. 
 




 Healthy native ecosystems are well known for their ability to provide such 
fundamental services as the production of consumable resources, the mitigation of 
climactic fluctuations, and the amelioration of anthropogenic environmental degradation 
(Daily et al., 1997; Tilman, 1997).  In urban areas, they are also known to promote 
human health and well-being, in part through cultivation of a positive aesthetic (Pejchar 
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and Mooney, 2009).  Invasion of natural areas by non-native species can significantly 
hinder the provision of all of these benefits (Pimental, 1986; Vitousek et al., 1997).  For 
example, plant pollination – both natural and managed – is a key ecosystem process that 
depends largely on the partnership between a plant and its pollinator(s) (Kearns and 
Inouye, 1997; Kearns et al., 1998).  Effective pollination is critical to human health and 
agriculture, as over 80 percent of the plants grown for consumption and medicinal use 
rely on pollinators for reproduction and fruiting (Daily et al., 1997).  Insects, in 
particular, are important pollinators, and at least one in every third bite of food in the 
American diet is courtesy of insect pollination (Klein et al., 2007; Potts et al., 2010).  
Over time, native plants and their pollinators have evolved a fragile co-dependence such 
that the loss of either member of the partnership (through pesticide use, disease, or the 
introduction of non-native species) can drastically reduce the survival of both (Kearns et 
al., 1998; Spira, 2001). 
  
 Until recently, imported European honeybees (Apis mellifera) have been managed 
as a pollination vector for many human agricultural crops.  However, the onset of Colony 
Collapse Disorder – in which formerly healthy honeybee colonies have experienced a 
sudden, unexplained loss of adult workers – and subsequent financial losses to industrial 
agriculture has spurred research into the role and status of native insect pollinators.  So 
far, results demonstrate that native pollinators – bees, in particular – are more than able to 
“pick up the slack” left by declining honeybee populations, in some cases demonstrating 
double the efficiency of non-native honeybees (Winfree et al., 2007; Garibaldi et al., 
2013).  Unfortunately, native pollinator populations are also in decline, in part as a result 
of habitat fragmentation (Garibaldi et al., 2013).  Ongoing research supports urban 
agriculture and gardening as a way of providing “oases” for these native pollinators 
(Hennig and Ghazoul, 2012; Baldock et al., 2015) and has found that, in some cases, 
urban green spaces can support a diversity of insect pollinators that is concomitant with 
more rural, natural areas (Hennig and Ghazoul, 2012).  In many cases, the targeted use of 
native plants in these spaces has been shown to more strongly promote overall 
biodiversity and ecosystem health, especially for insect pollinators co-adapted to take 
advantage of native resources (Frankie et al., 2002; Hanley et al., 2014). 
  
 It was the aim of this study to identify local insect pollinators and compare 
visitation frequency to common horticultural native and non-native summer-flowering 
perennials in an Ashland, VA, urban plant garden.  Because of the strong co-dependence 
in plant/pollinator relationships, we expected native plants to play a more substantive role 




Our study was conducted at the Brian Wesley Moores Native Plant Garden, 
located on the Randolph-Macon College campus in Ashland, VA (37°45’58.4” N 
77°28”35.8” W).  The garden comprises a 0.19-acre plot situated at the northeastern 
gateway to the college and is adjacent to a residential neighborhood (Figure 1).  This area 
is part of the Piedmont Region of the Mid-Atlantic United States and is characterized by 
Virginia Journal of Science, Vol. 70, No. 1, 2019 https://digitalcommons.odu.edu/vjs/vol70/iss1
3 
 
an acidic clay loam soil and a hardiness zone of 7a – 8 (USDA).  Historically, the 
majority of the land in this area has seen heavy agricultural use (USDA). 
 
Plant species 
We used four locally native/non-native pairs of summer-flowering perennials that 
are commonly included in local gardens and managed landscapes.  All species (locally-
native and non-native) have a demonstrated record of attracting a wide range of 
pollinators (Lowenstein et al., 2015; Rowe et al., 2018).  Locally-native species included:  
Echinacea purpurea (purple coneflower), Liatris spicata (blazing star), Asclepias 
tuberosa (butterflyweed), and Monarda fistulosa (wild bergamot).  Associated non-native 
species were chosen based on four criteria: 1) they were in the same family as the native 
species, 2) they were available from local horticulture suppliers, 3) they had similar 
physiology and cultivation requirements as their native counterparts, and finally, 4) they 
were not endemic to the Piedmont region of the United States. 
 
Experimental design 
During June – July in the summer of 2018, each combination of native/non-native 
was monitored during their peak bloom season, as described below.  Each pair consisted 
of one native and one non-native plant of similar size and flower number.  Native/non-
native pairs were as follows:  Echinacea purpurea and Gaillardia aristata ‘Bijou’ 
(Asteraceae), Liatris spicata and Liatris ligulistylis (Asteraceae), Asclepias tuberosa and 
Asclepias curassavica ‘Red Butterfly’ (Apocynaceae), and Monarda fistulosa and 
Agastache rugosa ‘Golden Jubilee’ (Lamiaceae).  Non-natives were grown in sunken 
pots directly adjacent to the native plants to minimize site-specific abiotic differences.  
For monitoring, a total of six replicate pairs were studied overall on seven (E. purpurea 
and G. aristata), seven (L. spicata and L. ligulistylis), ten (A. tuberosa and A. 
curassavica), and eight (M. fistulosa and A. rugosa) different occasions, respectively. 
 
Pollinator visitation frequency 
 Pollinator visitation measurements were based on previously established 
techniques (Frankie et al., 2002) with minor modifications.  In short, inflorescences on 
each native/non-native replicate plant pair were monitored during each species’ peak 
bloom season.  During a 10-minute window, the total number of visiting insect 
pollinators was recorded for each native and non-native member of each replicate pair.  
We defined a pollinator “visit” as a period in which a pollinator landed on a flower long 
enough to engage in pollination activity.  Pollinators moving from flower to flower on the 
same plant were not considered to have made additional “visits.”  However, pollinators 
leaving one plant and then returning within the 10-minute window were tallied for an 
additional “visit.”  The six replicates were measured in succession, with measurements 
taken in both the morning (08:00 – 10:00) and afternoon (14:00 – 16:00).  We compared 
pollinator activity using a multi-factor ANOVA (Microsoft Excel v.16.16.5), assessing 
the effect of date, replicate (n = 6), time of day (morning or afternoon), and type of plant 
(native or non-native) on the number of pollinator visits. 
  
The identification of insect pollinators in each plant pair was assessed by visual 
documentation (with reference to photographic and voucher specimens).  All insects 
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During the course of this study, we observed 25 different insect genera at the 
garden during monitoring periods (Table 1).  In the genus, Bombus, three distinct species 
were observed.  Overall insect genera fell into the following categories:  bees (eight 
genera), flies (four genera), wasps (one genus), butterflies (ten genera), and beetles (two 
genera).  Cumulatively, 11 genera (44%) were observed only on native floral species.  
There were no insect genera observed exclusively on non-native perennials. 
 
Native/non-native pair visitation frequency 
E. purpurea and G. aristata 
The Piedmont native E. purpurea was compared to G. aristata, which is native to 
western and northern North America (USDA).  Pollination measurements were 
conducted on these species between June 13 – July 19th, 2018, when the plants were in 
bloom locally. 
 
Overall, E. purpurea experienced more pollinator visits than G. aristata (F1 = 
110.328, P < 0.001) (Figure 1A).  Pollinator visitation also varied by collection date for 
all replicate pairs (F6 = 4.701, P < 0.001), and more visitations were recorded during 
morning versus afternoon visits (F1 = 103.754, P < 0.001). 
 
More insect genera were observed on E. purpurea than on G. aristata during our 
monitoring period (Table 1).  Insects seen interacting only with E. purpurea included 
seven bee taxa, four types of flies, and seven different butterflies or moths. 
 
L. spicata and L. ligulistylis 
The Piedmont native L. spicata was compared to L. ligulistylis (native to 
Central/Midwestern North America, USDA).  L. spicata was found to attract a higher 
overall number of pollinator genera than L. ligulistylis (F1 = 61.647, P < 0.001) (Figure 
1B), although visitation frequency also varied by sample date (F6 = 11.039, P < 0.001). 
 
A wider variety of insect taxa was observed visiting L. spicata compared to L. 
ligulistylis (Table 1).  In total, nine bee, two fly, eight different butterfly or moth, and one 
beetle taxa were observed visiting the native/non-native pair, and eleven of these seen 
were unique to L. spicata. 
 
A. tuberosa and A. curassavica 
The Piedmont native A. tuberosa was compared to A. curassavica, a 
Central/South American native (USDA).  The native species, A. tuberosa, experienced a 
higher pollinator visitation frequency than A. curassavica (F1 = 23.204, P < 0.001) 
(Figure 1C).  In addition, visitation frequency was greater for both species during 
afternoon measurement periods (F1 = 11.8, P < 0.001) and in some replicate pairs (F5 = 
3.413, P < 0.01). 




More insect taxa were observed visiting A. tuberosa than A. curassavica (Table 
1).  The pollinators observed with this plant pairing were mostly bees – six taxa 
pollinated both native/non-native plant pairs, with only Agopostemon virescens and 
Xylocopa virginica unique to A. tuberosa.  Only one butterfly species was observed 
during our monitoring periods; however, D. plexippus (Monarch butterfly) caterpillars 
were found on both plants later in the summer. 
 
M. fistulosa and A. rugosa 
The Piedmont native M. fistulosa was compared to A. rugosa, an East-Asian 
native.  Insect pollinators visited M. fistulosa more frequently than A. rugosa (F1 = 
71.746, P < 0.001) Figure 1D), although both native and non-natives saw more frequent 
visitation during the afternoon (F1 = 4.522, P < 0.05), and visits to both plant species 
decreased as the season progressed (F7 = 6.043, P < 0.001). 
 
M. fistulosa attracted more total insect groups than A. rugosa (Table 1).  Between 
native/non-native pairs, we observed six bees, three flies, one wasp, and three butterfly or 
moth taxa.  Two bee genera, Halictus and Ceratina, were unique visitors to the non-
native A. rugosa. 
 
DISCUSSION 
Our goal in this investigation was to compare the visitation frequency as well as 
the overall variety of insect pollinators associated with native versus non-native perennial 
plants in an urban garden setting.  As horticultural consumers are typically presented with 
a variety of touted “pollinator-friendly” perennials, the relative efficacy of native versus 
non-natives in this regard is an important factor for amateur gardeners to consider.  Our 
findings revealed that, when comparing pairs of related, perennial native and non-native 
“pollinator-friendly” plant species, the natives were consistently visited by a higher total 
number of insects.  Moreover, of the total variety of insect genera observed during our 
course of study, nearly half were associated only with native perennial species. 
 
Our findings suggest that, when given a choice between two genetically and 
visually similar flowering perennials, more insects are likely to interact with a local 
native than with a non-native species.  These results are consistent with studies performed 
under similar environs.  For instance, Hanley et al. (2014) found that specialist 
bumblebees (Bombus spp.) in urban gardens tended to forage preferentially on plants 
native to their own biogeographical ranges.  Likewise, a study by Fukase and Simons 
(2016) found that increased native plant species richness in urban Canadian gardens was 
correlated positively with pollinator foraging in those areas.  These results, and those of 
our own study, argue for the preferential inclusion of locally native – rather than similar, 
non-native – plant species in urban landscape gardens. 
 
Note must also be taken, however, of the difference between the need and niche 
requirements of different insect pollinators.  Simply because a plant is native does not 
unilaterally make it more attractive to a visiting insect.  Specialist pollinators, for 
instance, may require particular nutrients or habitats, while generalists are widely 
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adaptable.  For instance, Bombus impatiens (Eastern bumble bee) is well-documented as 
a generalist pollinator and is widely managed for the pollination of agricultural crops 
(Kleijn and Raemakers, 2008).  In our study, B. impatiens was the only insect observed 
interacting with all eight plant species.  Several studies have noted the likelihood of non-
native plant species to appeal more strongly to generalist pollinators (Albrecht et al., 
2014) and question the need to prioritize native plantings in urban gardens (Hanley et al., 
2014; Goddard et al., 2010).  However, the mechanisms for this preference remain 
unclear and are likely species-specific, based on particular floral characteristics (Corbet et 
al., 2001; Poythress and Affolter, 2018).  Until the mechanisms responsible for these 
observations are clarified, it is unwise to generalize the value of native versus non-native 
plants to plant-pollinator interactions. 
 
During the course of our study, we also observed several insect taxa that visited 
only native plants.  In a few cases, an insect pollinator was seen on one native plant 
species and no others.  Vanessa virginiensis (American painted lady), for instance, visited 
only the native E. purpurea.  V. virginiensis is a specialist butterfly whose larvae 
preferentially feed on plants in the family Asteraceae (such as E. purpurea) (Holm, 
2014).  Specialist insects, whether pollinators or otherwise, are closely dependent on their 
coevolutionary floral counterparts.  The inclusion of beneficial host plants in urban 
gardens has been suggested to increase the abundance of specialist pollinations in those 
areas (Harrison and Winfree, 2015), and have the potential to provide resources in 
fragmented urban habitats. 
 
Interestingly, all of the 10 butterfly genera observed in our study visited one or 
more native plant species.  Of these, 7 visited natives exclusively.  We observed a 
unanimous preference for E. purpurea over G. aristata, and L. ligulistylis was the only 
non-native visited by more than one type of butterfly.  One reason for such a distinct 
disparity in visitation frequency may stem from our use of horticultural cultivars as non-
native counterparts in this study.  Horticultural cultivars are wild-type plants that have 
been bred specifically to present certain qualities.  In the case of urban landscape gardens, 
such qualities might include differences in flower color or morphology.  These changes, 
while desirable to the urban gardener, may be unappealing to pollinators or other insects 
(Comba et al., 1999).  Emergent studies have suggested that horticultural cultivars may 
provide less benefit in terms of nutrient quality and floral reward (Comba et al., 1999; 
Corbet et al., 2001; Pothyress and Affolter, 2018).  Although the study of horticultural 
cultivars versus non-cultivars was not a part of our study, it is worth note that, L. 
ligulistylis, the non-native most frequented by butterflies, was also the only non-native 
non-cultivar. 
 
Prolificacy of urban green space is a good option for many reasons.  In our study, 
the demonstrated pollinator preference for native plant species supports the prioritization 
of native plant species in urban landscapes.  As has been shown in previous studies, 
increasing the proportion of native plants can also increase the proportion of rare or 
specialized pollinators (Fukase and Simon 2016).  In our study, pollinator preference for 
the native was maintained despite the choice for a nearby non-native, although several 
scaled factors may have influenced this preference (Mitchell et al., 2009; Kantsa et al., 
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2018), from providing an idealized reward to fine-tuning its accessibility.  While such 
was not our goal, the identification and assessment of these factors are also likely to play 
a role in increasing and preserving pollinator activity in urban landscape gardens. 
 
To conclude, our study provides a baseline for understanding pollinator presence 
in our local area and supports the argument for including native flowering perennials in 
the garden.  With worldwide insect populations in likely decline (Hallmann et al., 2017; 
Lister and Garcia, 2018), urban green spaces are proving to be even more essential.  
Future studies on plant-pollinator relationships and the role of native species in the urban 
landscapes will lend a more ecological understanding to our horticultural choices and 
help us to harmonize the aesthetics with the efficacy of our own local gardens in the 
larger, urban ecosystem. 
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FIGURE 1.  Aerial view of the Randolph-Macon College Brian Wesley Moores native 
plant garden.  Plant pair locations are indicated with circles (Red = E. purpurea, Blue = 
L. spicata, Orange = A. tuberosa, Magenta = M. fistulosa).  For scale, the square drone 
landing pad along the walking path is 3’ x 3’.  Photo credit to John McManus (Randolph-
Macon College), taken on Oct. 28th, 2018. 
  




Figure 2.  Comparison of mean pollinator visitation frequency to native/non-native 
paired plant sets showed a significantly higher number of visits made to native plants.  
Asterisks (*) represent significant differences (p<0.001) in visitation frequency.  Error 
bars represent ±SE. 
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